Iron deficiency anaemia (IDA) is associated with increased morbidity, mortality, impaired growth and cognitive development of children. PURPOSE: to evaluate the effect of nutrition and severity of IDA on growth in children from 2 to 24 months of age. METHODS 172 children aged 2-24 months with IDA were categorized into two groups: G1 (0-12 months) and G2 (13-24 months). Diet was studied through interview. Anthropometric parameters: height-for-age (HA) and weight-for-age were assessed by standardized methods. IDA was defined as haemoglobin (Hb), mean corpuscular volume, serum iron, and transferrin saturation below age-related reference values of the World Health Organization. Anaemia was classified as severe, moderate, and mild according to Hb concentration. Associations between variables were analyzed by logistic regression. RESULTS High proportions of children predominantly fed on cow's milk with scarce or absent intake of meat, eggs, vegetables were found in G1 (30.2%) and G2 (19.8%). Predominant cow's milk feeding was significantly associated with growth retardation (HA<3rd percentile). In G2, severe anemia (Hb<70 g/l) exhibited significant (p=0.0344) association with stunting. CONCLUSIONS Inadequate nutrition and severe IDA increase risk of growth retardation in the first two years of life. Promotion of appropriate feeding practices is important in prevention and control of IDA.
INTRODUCTION
Iron deficiency anaemia (IDA) impairs physical growth, cognitive performance, and resistance to infections leading to increased morbidity and mortality rates (1, 2). The population group which is most affected are infants and children less than 2 years of age. Intensive growth in the first two years of life includes a significant increase in erythrocyte and tissue volume and requires a high intake of iron which is frequently not provided by the diet. Anemia in this age group is considered a major global public health problem because of its highest frequency (3, 4) . According to World Health Organization (WHO) estimates, global prevalence of anaemia among children from 0 to 5 years of age averages 47.4% (5 months to 5 years of age 31.1% which is categorized by the WHO as a public health problem of moderate significance (6) .
It is known the negative impact of IDA on the physical growth of infants and children. A number of studies have found significant relationships of anaemia with lower growth and developmental indicators in children of different ages (6, 7, 8) . The exact mechanism by which IDA impairs growth has not been elucidated yet. Many mechanisms have been proposed, such as adverse effects of iron deficiency on DNA synthesis, cell cycle, and cell proliferation, immunity, appetite, production and metabolism of thyroid hormones, thermogenesis (1, 9, 10). Moreover, contradictory evidence has been gathered regarding the effect of iron supplementation on physical growth. Numerous studies have clearly found improved growth by iron supplementation in anaemic children (11) (12) (13) (14) . However, a systematic review of randomised controlled trials did not determine a positive
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Trakia Journal of Sciences, Vol. 13, Suppl. 2, 2015 effect of iron supplementation on the physical growth of children (9) . The question on factors affecting physical growth of children with IDA still remains open and needs further investigation.
Inadequate dietary intake of iron is the main cause of IDA in infancy and early childhood (2) . Nutrition is the key factor for normal erythropoiesis and normal growth. Severe anaemia is a major risk factor for increased morbidity and mortality in infants and children (1).
The aim of study is to evaluate the effect of nutrition and severity of IDA on growth in children from 2 to 24 months of age.
MATERIALS AND METHODS
172 children aged from 2 to 24 months with IDA were examined. The study population was categorized into two age groups: G1 (0-12 months; n=86) and G2 (13-24 months; n=86). Diet was studied through interview assessing current milk feeding practice (breastfeeding, formula and/or cow's milk feeding), daily frequency of milk intake for non-breastfed children, weekly intake frequency of complementary foods: meat, eggs, and vegetables.
Anthropometric measurements were performed by standardized procedures. Length/height was measured to the nearest 0.1 cm using a standard child measuring board or a standard stadiometer. Weight was determined to the nearest 0.1 kg with a calibrated pediatric scale. Individual anthropometric parameters: heightfor-age (HA) and weight-for-age (WA) were assessed by the method of percentiles according to reference data of the WHO for the respective age and gender (15) . HA <3 rd percentile was used to categorize low heightfor-age denoted as growth retardation or stunting, and WA <3 rd percentile was defined as low weight-for-age or underweight.
IDA was defined as haemoglobin (Hb) values less than 110 g/l, and presence of the following parameters: mean corpuscular volume (MCV) below the respective age-related reference values of the WHO, serum iron (SFe) <8.95 μmol/l, and transferrin saturation (SatTf) <16% (1, 16). Percent SatTf was calculated as a ratio of SFe and total iron-binding capacity. Haematological parameters and biochemical markers of iron metabolism were determined by standard clinical laboratory methods. Anaemia was classified as severe (Hb <70 g/l), moderate (Hb 70-99 g/l), and mild (Hb 100-110 g/l).
Crude relations of growth with nutrition, severity of anemia, and other factors were tested by Pearson's χ 2 -test. Logistic regression was used to obtain adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) for analyzing associations between variables. The potential effects of outliers were evaluated in all analyses. Statistical significance was indicated by p<0.05.
RESULTS

Assessment of anthropometric indicators
height-for-age and weight-for-age established relatively high proportions of children with growth retardation and underweight among children with IDA in both age groups ( Figure  1) . Low height-for-age was identified in 25.6% (n=22) of infants in G1 and 24.4% (n=21) of children in G2. Low weight-for-age was detected in 15.1% (n=13) of G1 and 12.8% (n=11) of G2. There were no significant differences with respect to the relative frequencies of growth retardation and underweight between the two age groups (χ 2 -test, p ≥0.05). Assessment of nutrition showed that among investigated children with IDA, the most frequent type of milk feeding during the study time was cow's milk. In the 0-12 months group, 19.8% (n=17) of infants were breastfed, 70.9% (n=61) were fed on cow's milk, and 9.3% (n=8) were formula fed. At the age 13-24 months, milk feeding was human milk for 18.6% (n=16) of children, cow's milk for 80.2% (n=69), and formula for 1.2% (n=1). Evaluation of intake frequency of complementary foods for the children over 6 months of age revealed that in G1, 91.8% (n=67) of infants never or rarely (less than 1 time per week) consumed meat and eggs. In the 13-24 months group, 82.6% (n=71) of children never or rarely consumed meat, and 86.1% (n=74) never had eggs. Assessment of nutrition showed high proportions of children predominantly fed on cow's milk with scarce or absent intake of complementary foods: meat, eggs, and vegetables in both age groups: G1 (30.2%; n=26) and G2 (19.8%; n=17).
Distribution of the study groups according to Hb concentration showed a tendency for more severe anaemia among the children of higher age (Figure 2) . In G1, relative rate of severe anaemia was 14.0% (n=12), and in G2, 24.4% (n=21) of children were severely anaemic. No significant difference in the relative rates of severe anemia between the two age groups was found (χ 2 -test, p ≥0.05). In order to determine potential factors influencing growth in the study population, we used comparisons with respect to child gender, birth weight, current feeding practice, and severity of IDA between anaemic children with low height-for-age and weight-for-age and anaemic children without growth retardation and underweight.
In both G1 and G2, relative frequency of predominant cow's milk feeding was significantly higher (χ 2 -test, p<0.05) among children with HA <3 rd percentile than children without growth retardation (Table 1) . At age 13-24 months, children with low height-forage had significantly higher relative rates of severe IDA than children without growth retardation (χ 2 -test, p=0.004). No significant differences with respect to infant gender and low birth weight (<2500 g) were detected between children with stunting and children without growth retardation (p ≥0.05). Anaemic children with low weight-for-age and anaemic children without underweight did not differ significantly with respect to child gender, birth weight, current feeding practice, and severity of IDA (Table 2) . (8) 24.7% (18) 90.9% (10) 9.3% (7) Severe anemia 15.4% (2) 13.7% (10) 36.4% (4) 22.7% (17) 1 Values are presented as % (n).
Logistic regression analysis showed that in both age groups, predominant cow's milk feeding was significantly associated with increased risk of growth retardation (Table 3) . In G1, infants predominantly fed on cow's milk were nearly 6 times more likely to be stunted than those who were breastfed, formula fed, or had been introduced to complementary foods (ОR: 5.65; 95% CI: 1.8-17.74; p=0.002). At age 13-24 months, children predominantly fed on cow's milk had a 4-fold increased odds of being stunted compared to children introduced to complementary foods (ОR: 4.06; 95% CI: 1.16-14.19; p=0.026). Regression model indicated that at age 13-24 month, severe anemia contributed to a 3.5-fold increased risk of stunting compared with anaemia of less degree (ОR: 3.47; 95% CI: 1.08-11.08; p=0.034). Birth weight and infant gender were not significant factors in the model applied.
Table 3. Individual variables and their adjusted odds ratios (95% confidence interval) for growth retardation (HA <3 rd percentile) of children with IDA by logistic regression analysis
Statistical significance is indicated by *.
DISCUSSION
In this study population of children with IDA, we found relatively high rates of growth retardation and underweight in both age groups. It is known that anthropometric indicators are measures of the individual's nutritional status reflecting adequacy of energy and nutrient intake. Therefore, undernutrition was prevalent among the study population. As shown by our results, predominant feeding on cow's milk with scarce or absent intake of complementary foods in investigated food groups (meat, eggs, vegetables) was a common feeding practice among infants and children with IDA. Observed association between predominant cow's milk feeding and low children's height-for-age was not unexpected, because, as stated by the WHO, low height-for age is an indicator of chronic undernutrition (17) . Low intakes of energy, protein, and micronutrients provided by the incorrect feeding practice can all contribute to impaired child growth. Moreover, inadequate nutrition may also deteriorate growth indirectly by its adverse effects on the immunity leading to more frequent and long lasting infections which diminish growth rate (18, 19) . However, this study does not provide an assessment of incidence of infectious disease among investigated children with IDA.
As stated by the WHO and Centers for Disease Control and Prevention, early introduction of cow's milk and predominant feeding on cow's milk are considered important risk factors for iron deficiency in infants and young children (17, 20) . Use of cow's milk as a main weaning food may lead to iron deficiency by two possible mechanisms (21 (22, 23) . Secondly, introduction of cow's milk before the age of 1 year may induce significant loss of iron through chronic, occult intestinal bleeding due to cow's milk protein intolerance (23) . There is substantial scientific evidence that deficiency of iron exerts a negative impact on growth by different mechanisms, some of which not completely investigated, e.g., effects on the cell cycle, cell proliferation, immunity, appetite, thyroid function, thermogenesis (1, 9, 10). Detrimental effects of iron deficiency on physical growth might account for the observed association between predominant cow's milk feeding and growth retardation in the study population of children with IDA.
Our results showed a greater relative rate of severe anaemia among the children between 13 and 24 months of age compared to the lower age group. We consider that this was probably due to the fact that among the period of infancy and early childhood, second year of life presents the greatest prevalence of iron deficiency and IDA (1). Respectively, an association between severe anemia and growth retardation was found in the group of children aged 13-24 months, but not at the lower age.
In our study, we did not find a significant relation between low birth weight and stunting in either of age groups although the WHO indicates that premature birth and intrauterine growth retardation are important causes of delayed growth during the first years of life (17) .
CONCLUSIONS
Our data showed that inadequate nutrition and severe IDA increased risk of growth retardation in the first two years of life. Observed relationship between predominant cow's milk feeding and low children's heightfor-age highlights the importance of appropriate nutrition for physical growth and development in the first two years of life. Low birth weight was not a significant risk factor for stunting in investigated population of children with IDA. Further research is needed to fully understand the factors causing growth impairments in infants and children with IDA. Promotion of appropriate feeding practices and adequate complementary foods is important in prevention and control of IDA and its consequences on physical growth.
